Designer Dendrons To Dissect Innate Immune Signaling C hemists have the unique ability to synthesize small molecules to their heart's delight. Small molecule synthesis continues to revolutionize the development of pharmaceuticals and improve the understanding of vital biochemical and cellular processes. Here, Esser-Kahn and co-workers describe the design of well-defined, tunable dendritic polymers to better understand the activation of innate immune system via the inflammatory response protein complexes (inflammasomes). 1 The authors focused on the inflammasome called NLRP3, a pattern recognition receptor whose activation mechanism has eluded scientists since its discovery. 2 NLRP3 inflammasomes belong to a family of pattern recognition receptors that initiate the innate immune system. Over the past 20 years, we have learned that the innate immune system uses a series of various receptors and DNA sensors to drive immune responses. 3 These innate immune receptors recognize pathogen-associated molecular patterns and induce inflammatory and antimicrobial responses. 4 Working in concert, the system can mount an immune response by sending signals to the adaptive immune system via signaling proteins and cell adhesion molecules. 5 Although we have learned a lot about the immune system, its complexity has often evaded scientists, in particular, the specific activation mechanism(s) of individual receptors. This uncertainty is especially true for the NLRP3 inflammasome. NLRP3 can be activated by a large number of molecules, including adenosine triphosphate (ATP), various poreforming toxins, particulate crystals and aggregates, and microbial molecules. 6 However, before NLRP3 can be activated, the levels of the protein must first be increased by activation of other immune pathways. 7 Esser-Kahn and co-workers wanted to know whether there are other substances that can activate NLRP3 inflammasomes. They designed new molecular entities with discrete chemical properties that can stimulate the innate immune system via NLRP3 activation. The authors show that these molecules can specifically and precisely activate the NLRP3 inflammasome by the rupture of lysosomes, the membrane-bound organelles commonly found in animal cells. 8 The two main players in the investigation were a matched pair of dendritic polymers, denoted LR+ and LR−, that have identical dendrons but differ in the dendron's spacing. As a result, only one of the polymers (LR+) can cause lysosome rupture (Figure 1 ). The polymers consist of an L-lysinedicysteine backbone, which is decorated with multiple dendritic lysine residues. These lysine residues are capped with histidine and tryptophan in specific molar ratios. The protonation of histidine in the acidic environment of lysosomes facilitates lysosomal rupture (Figure 1a) , while tryptophan assists in cellular uptake. The spacing of the lysines in the backbone is critical. If too many spacers are added, the properties of the polymer change. The team has found that if the ratio exceeds 34%, the ability to cause lysosomal rupture decreases (Figure 1b ). Using these critical probes the researchers systematically investigated how lysosomal rupture activates NLRP3 inflammasome formation.
A series of cell-based assays using human monocyte cancer cells were used to demonstrate that inflammasome activation caused by LR+ polymer can lead to the release of the inflammatory proteins via the NRLP3 inflammasome. If bone-marrow-derived dendritic cells that lack NRLP3 were used, no lysosomal rupture was observed in the presence of LR+. These experiments led the team to believe that the lysosomal rupture caused by LR+ is driving the synthesis of inflammatory proteins in cells by activating NLRP3. Unlike inflammasome activation caused by many known activators, however, the activation by the LR+ polymer only activates 10% of the cell population. With this astute observation in mind, Esser-Kahn and colleagues designed experiments to probe the mechanism of lysosomal rupture using inhibitors of both phagocytosis (a response by specific immune cells) and lysosomal acidification. Each of the inhibitors reduced the inflammatory protein secretion by immune cells after incubation with the LR+ polymer. However, reduction of this protein secretion proceeded in different ways: some inhibitors affected both lysosomal acidification and phagocytosis, while other inhibitors affected phagocytosis only. These experiments demonstrate that phagocytosis, acidification of lysosomes, and subsequent lysosomal rupture are all important for the mechanism of NLRP3 activation by LR+.
The goal of this study was to gain molecular control of NLRP3 activation via lysosomal rupture. After the cellular mechanism was thoroughly characterized, the authors returned to this original goal and found that, by tuning the properties (i.e., percentage of spacers between dendrons, the ratio of histidine to tryptophan residues, and concentration of dendrons) of polymers, the cellular response (i.e., inflammatory protein release) could be altered in immune cells. The high level of precision sets this work apart from previous studies on NLRP3 innate immune system activators. 9 With the ability to systematically tune properties of the materials, the research team is now in a position to generate a desired outcome: the activation or inhibition of an inflammatory response. While this work pushes the field of inflammasome biology and immunology forward, the polymers have not been tested in mice. The question of whether the materials will live up to their potential in animal models, the true setting for complex immune responses, remains open. However, this should not dampen your enthusiasm for the excellent work. After all, the team is derived from chemists who have the ability to synthesize new molecules and alter the properties of the reagents to ultimately tune and control activation of this important innate immune receptor.
